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[»** 1 1 ixt&m&&m<o±\z.i&&.ztitL&%<?/< 

SUISSE ©I 1 SP^W-tt-JBrit S ^fcSS lnlft, ft 

&mm<D±.iz&i$.£ftizm i P mm t, tmminmm 
\cw$ttstitz.mi ni=>^ y-k. mmmipmm^ 

i »jfr7v<-r x t % 

mmmm<n%i2Uft<D±.icMf&,£tiizm2nm.mk, m 
m 2 nmm <n ±\zi&f&£tiizm 2 mmn&k. mm 2m 

tt**roJifc»j«£frfcH2pB!»i:, fufElg 2 n SiJl 
«M*S*MfcJB2 ni^y^ h 4:, A(ieft2p3!J|£ 
^M$^fc^2 pffin^*^ bk. ^mX.tz.%2%% ; r 
^-f^TfcoT, ftiJlE#l2 nlavn h do J: Z^fufEl? 

MISSS 1 IBft^VW * t fufE jg 2 SSftx-/ W * £ Sr5>Sf 20 

tfrlEJgi ni^y^ hfcj^tijfEfSi pl^y^^ h 

ro5^<D-;fy£, BfrKJ&2nS=v** h*s JEWESS 

[ft** 2] WB«l*JJ:0«flS2naWI, fflfEfH 1 *5 
*T*SI$2fiH4Si#c, *&tN£, fufBfil 1 *JJ:tFJ*2 p® 

stt, \\\mmmm^t£^k^wmk-r^m^i 

[ft**3] AfflESJItt. t7r^7, S i C*5iV 50 

-rsit ** i i-fB^cor i/-r 0 

[ft**4] sufBS?2 pl^^^ h£iul2fgl n® 

ie^2ns=->-^^ M^aow- kitmrnk-tzmik 

[ft**5] BUfEfglfeiU^ftgB^^ h CO — ^ 

wtk: jmtt ?> r. t *wikk-tz>mm. 

4KH24fc<£>7 'Uj '„ 40 
[ft*:* 6] Htil5^1^3 1 ev i V^-YxdoJ;0«Su|5^2|g 
3t7=VW ;M£itt3?«l?g£*L5ff** 1 ^IB*WT Wo 

[It** 7] MtE»i^*7 :: VM^*3J;'0«iffte»2^ 

%=T'<4 X ii^lj^fc £ 3 It** 1 }Cfe«<75 7K„ 
[ff**8j BUfB«l nS^tfiaScoftiJiCfcStfjIBS 

* osuisjg i n&*>*m&it o abt#«s: r t 

**f#m £ -TSft** i fcisitoT w o 

[ft** 9 ] StrlS^ 1 n fife ± T>*jiufBSg 2ni|C 
ttJl^*ffit-5rt^#mi:i-^!f**l{cfE«(Or^ 50 
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[ft**10] *fr|5Sg<0^3g|5^-©±{CfM^ttfc 
IS3nMJIi, R*3nlUl©±te»jfc£;h,fcJS38HS- 
«»£ i , K» 3 Stt««<0±fc3^fiK * tbfcfg 3pII 

k, mmm3 P mmiz.mm£titzm3 pm^^?? ht 
««*»±K:»j«**i,fcj(S4 piit, mmm4nmm 

«^^ttfc»4 pl^y^^ hi^iifc^4«f^ 

^^ffcot, Huf2il4 niny^ h *5 «t U«Sul5^ 4 

SB^T*^ * t , 

MfEfH nSI^V^ h^MIBH3 pi ^V*^ hicft 
1. ^3fciU«l|4|g3tT : V-<-l'^^E^^^« 

^2 piynv^^ ncjurt-sr i^#®:t-rst»** 
1 tffi«©7K„ 

HufESM<z)_h^ffM$tLfcm i mmwm t , 

k. 

Mmmitewmmimm£titz.m i hk. 
mwm.<»m 2 mmwrn kssk s ^fcm^^m 2 =. v ^ 

[ft** 1 2 ] tufas? l^y^^-ni itjf5»os 

tr#»i1-5»**l lCEtorW. 
[it** 1 3 ] SuIB^ 1 ismmmiis S i Srffl^T K 
-trv^SixfcGa NSr-^tfi t^r#mi:-rSlt**l 
l i:!E*©7W s 

[ft** l 4 ] mrfa«*^m 2 fi^MS tt, Mglrl 
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3 

£ff*3S 1 1 t-WB«<7>T W 0 

1 5 ] mmm&nn 2 = v * * h ««£-g-t? 

[ft*® 16] fufB^l hi±A 1 Sr-^-trr £ 

[If*«l7] fufEjgi =»i"** MiAg t 

[»M18] tufSSStt, t7r^7, S i Cfe± 

fc-f 1 1 t|5«;(DT i~r. 

[S»#* 1 9 ] tufE*l£wStt««<D 1 o©Ti^&5> 

mmmm^mmm 1 e^iM 5 r t 

2 0 ] mmmmmn^mytT 1 ^ *r w 
ttriass ©±k n mm tmatrir 

me p * & mrfltre* 1 *s ± t*JB 2 fv<^ x eo^n 

LT, mllSnS^O— a5^^3tt-5XSi, 

BiJlE^ 1 *5 JitKJg 2f/^ ^<7)ttJlEpSJl<D±.iC^ 1 *5 

iiulES? 1 *5 <fc If-Wi 2 * COSfJfE n MS (D±l£fg 1 *3 

BUfiE^l ni^^ hfcitMtufSffll pl^V^ h 
©-^■^rMIB^2 nl^^^ h *3 ± 2 pfn 

[0 0 0 1 ) 

GaAsW±5 ^^3feWB3t^V 2T— K 
(LED) *t^f!*, *yy->y^ $ tufcgi, 
gs-g- (single junction) *fcf:£^-S3£?iJS-£- (multipl 
e parallel junction) £#1" &«3i£ fc fc LT# 
fc„ BIAS, AIK#if?iJi^LED7Kl0 

;E£*3o nl=y?^ hfinl!««l 8}dg$cU W 

m<Dpm=i>? ? h i 4iipSiii 3icmm-t-z>„ c 

©f^^lt nli« 1 8 trSS 1 2 OJilC^Lfc 
ffc r <r> n aWoiKllHtiilc p £>Ji fc® jfc-fS ^tf 
±9, Kf^SixS. ^<7?li, pI««l3|l:M/yf 
l 5 Sr««W{c§JBiJ-r5 r tiz.X 9 SfclifbfKll^j' 
^^^i-^rirlcit), pilli, 

tu5o UllBfi, SlJ(D#*M?«a-^LEDT W 1 6 £ 
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4 

(sawing) -r?>r 

(diffusion) fcj: 9m«CttteEVMc»(i4*t5. 
[0 0 0 2] 

nllSfclipilMIiiSOT, 01A*JJ; 
D ! IlB(l/TLfc ; e;yv'-7^ (monolithic) 7K 

70 [0 0 0 3] 

[s$«Sr«&Th5fcft<75^1§:] *38W^±*t«, it?U* 
t(St?iJLED7Wii, r®7Kfflfcii)©pl3> 

KJU-T&fcSixS. ISS'JCD LED (WJLED) l±, h 
u-^^fci 9 ^->-aA (ion implantation) 

fcrtlfB^^^ h (interconnect) (4, T U"f 

sijLEDffl^y^^ htmm-r^> a ^<^t*9>9&mm 
fi^wc2o<DLEDi4, m®m-?m&t£tix, =ZJ 

tt. ¥— a6Ji«>±fc»*S*tfc*«©LEDH:a»UKSf 
ic$tv^, 0 iS?iJT u>f 14, IH— T?r£a65^-LE 
D}^Jt-<T, «t9iSl/^«JE-e»f^L5^<^T% tSSxf 1 

flB-CH:, *3fel*:Ji*^ l oJ^±^e»JL E D^jfMStv 
[0 0 0 4] 

*T»**!lS«aBB*^*— K (LED) ©lUftfcJJV^ 
40 »KIII*ai<b(M*R4:tJ;ft3ax5^fy 7A« T 

mPtmiZ, — IxS;A l x G a y I 111-x-yN (OSxS 
1, 0^y^ 1. OSx + ySl) {ZX'Omm.ZtlZih 

& (MOCVD) , SH^if (MB E) 

50 wroicif^^i/t^gftiot, if-^T'fT, 
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5 

*7*^^S:fiKftS-e:5 0 -t^JEIKfc^TBtt (availabi 
iity) *5j:tW«VN»S*»6, t77^T©ll*fflv>fe 
jftar f*7r^Tij:ftgft:-efo§o Kramesib 

CO^^^OV>T, 1 9 9 9^12^22 H^ttlJH^ax 

^ ("Ill-Nitride Light Emitting Device with Increa 
sed Light Generating Capability") J bM&fritzWW? 
HdlgfgO 9/4 6 9,6 5 7#tt, fiV ^^KlR 

§iii^«i±i:ii mmtm^itf^ * 

oV>Tlt ^fcSlSf (S i C) *fcttlll««{fc«t*» 

tt§:tm, r*tfo<D*»tt, *<o{Sv^^M^ 
tt. Wcf ✓ W * K *5 $ IB — SJb iz. ^ b° ^ * is * jvj&fi 

[0 0 0 5] teSkttSWSfcttifcffiftLttSWSrfflv^ 
*LT«SJL E D«rt*»K»||t5 r i K i B , III 

mmtm^/ v LED^»M/Tt „ ni3{-:^ 

fcGaN©nl|22^ iSSfettt^S^ 2 0 JCllaT 
»/*£jh,5 0 «MlnGaNOgSi2 3 

n, M g> Be. CaSfcfiCd^T K-t 9 ^ 
ftfcAlGaNOp!i24^ JSttJf^«*iT*fifcS 
tt5o 12 2, 2 3*JJ:ff24tt, *E(8Hwtt: % SfcSiffi. 
itf K-/^ h*ISrSt5ftfi<Of T'imS 

« WJxfifBff}: K-t:°>^£;h^G a Nl) , n 
SixfcnaW«r**5 5. ffittl2 3fl ^fi 
[0 0 0 6] H4lC*3Wr, nMiS2 2, gttl2 3fc 

tt, «x.tf, BC l3<0±5*Jtt*Sr**-r-5at*«ES: 
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6 

f2 6H itia*-f K— tTV^StbfcG a NfOj: 5 
(intervening) *t#«r*a>i-^ t 

iCjzoT, nli22^i (ledge) 28«^ 

So 

[0 0 0 7] B6 Sr#JSW-5te, fVM^^lSift 

pii2 a\z.^is$? bfz&mrtbtiZa cfcox, *g 

±o«MLEDlBfc:fcS Yuis^2 6, *5j:T* *LE 

St (mesa wall) fc, Bt«#:3 0^a*tt5 o 11*3 
0f3\ #Jx.tf, &«&fb;4fe (oxides of silicon) , 31 
^mt%0 (nitrides of silicon) , (oxy 
nitrides of silicon) N Sft7;^^x^A (aluminum 
oxide) , Sfctt. *<^ffit^ftllt«mi't 

[0 0 0 8] H7 A$$£X$m7 Bit, ^jSUfcttJULE 
D7W^2o0i^f 0 H7Att, TWfK*SI*5 
LED^ h U-^^-^J: «9^gi$ttTV^5T : VW^ : ir^ 
50 -To B7BI4, TW^ItSLED^tyaAfS 
3 0 l ^ci: {9^St$^^TV^5T 2 V•<^^^^"ro 

h*t«-ttA 1 *fettT i -A 1 XhVs pi^^ 

[0 0 0 9] f>^^±rait5WiLED^ 
ftMi~5fc^)(7>rt^^-t^ b (interconnect) 3 4 £r±i 

50 K Cu, Au, Ag, *fctt, AlSiCuWJft 
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^tt5rt^#5c pl*itfnl3^^h3 
211, H^fMlfciH-a*— 5 v9^99 hSr^riti" 

MdKHX * Jx53te^*Sr*^Mk^ < * *: «" a ^ 9 

5o B7At5it;H7BI:Stfc2o^LEDtt, LE 
D-B^ni^y^ MrLE D — A <D pM =1 >'9 9 h 

[ooio] BI8A*J;tfH8BC* 
f J: 5 ^ 4oOLED(Ol?]7K(t &j(!)-g^<7)i: 
ixfcJE*"® (balanced square) OiBS t * S £ 5 fc:® 

iKS^*:4o^LED<7>iai6Ea*r*i" 0 B8Att, HI 8 

[0011] B8 Afc*-fT W tt, 0 3 7 AT»± 
S6 Lfc «t o *«BU LEDM{ChL-V^80 SrMt^) fc 
» tell I IRfflt*ft»Srl»*t5fc»0^s'f^^^± 
5 mm^Jic^gi S Jtfc* 4 oojtWlftfc S tbfc L E D «r 

tGaNi^5 4, *a«;tt«>iii*sfcfb4fcJlte*"C 

— ^ (trace) 8 1 \z£ 9 Wctflofri&o tt#b 

tt5»"LEDCit^t, 4ffiFO«E"C»fPL, 1/ 
4<D*gE-e»3#-r5o Mill 1 mm 2 Ol I l3£^k#3L 
EDtt, 3.0V, 3 5 0mAttMI>Cim 
5 0 HI 8 A*d*i-± 5&4O0K^IJrt^^jj^£;ft^cLE 

fV^^^l 12.0V, 8 7.5mAT»t5C^^ 

if^St^So «-7Wt!iia»tt, ±9iKv^ 

J: Oi«v>«JEE-e»ff U5 ££>T\ LEDM^r 

ffi-Cd LED^^fi^^MItit ^RJi-W 
V (die-attach machine) &&b&tiZ>&Mi (to 

lerance) tcj£B LxmttZo £*lK:J;?K ^F*«(c 
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fc, LED^flc036«^XdS*«IU T>WCM\ LE 

- KBI ± «r -C # 5 «!»3E» S ^rTIBfii" "C # 

70 [0 0 1 2] *3BWl£,fciUl, ledm; y v-^^a: 

tit, led y-Yir^v Ktc±oT#MfBEl»fcJ»« 

HRlftfcite, ro±5fcattlS*L5*Sr«5 w ir^r*L< 
Its V^$>'h\zM'tZ>=i^9 9 h&ftfltlz'pi£\,^b 
9 *t 8 i i: 5 i V^5 - i: tt*t 5. ^2 
OfflSU LED ^Jt^<-Ci*iV>«J=E"eBfcf^-r5o »ft«ffi§r 

30 [0 0 13] H9A43j:VH9Btt, «J *9 ^xfc 
jE**3# (balanced square) <7>H^J/3£?UL E DT W 
4r^i- c B9BI4, B?iJSiSWc2 0(7)LED^2o 
Ot&?U^ h y L-CS^^iX7t4oOLED(roV^ 

7 ASr#flSbTJiSSbfcJ: 5K»*S*tSo 
[0 0 14] BlOlt 2o(D/>ft- KjflSigffiiW (an 
tiparallel) 5 KlJftKStbfc, flftl 

(ESD) »tt©^^^t-o HlOLEDIt S2©L 
40 EDt*5tt5g(aft»«i (reverse breakdown) ^r^ 
7Vl:Vm, H 1 l*3itfBl 2d ^7 y 
ESD§lWO»iif|4 0^to «*A*5J:t^ 
«jfiB^*fittttK»2 0<D±\ZLj&fit£1nZ> o -JjcoM 
JSAtt, MMt?)LED^ LTSBttSttSdS, fi&^ 
(D#5tBH LED-A^fettSRteftlftWaSS:^?^ 
b 0 >'^5^^^^v^e>i^5o pil4 1a^J:i;4l 
b Sttffi*4 9 a fe«tt^4 9 b <0±{C»J*SiX, ^ 
Jte>fiH4flB«4 9 a*5j:V4 9 btt, nll4 2afc± 

50 Ai:fV^^Bi^[cM^tl5o n|«45afcj: 
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(6) 

9 

\C S nlf4 2 afcitf 4 2 b±^ = y^^ hSrMt 
5fc»coa (ledge) ***ft<S*i5 0 Bl*i4 7(l 
pffl»tnSUii:«r«*ttK:»lir*-5o LED-AOp 
i^y^^ F^^y^tV^ (clamping) t^^^Bcd 
nS^V*^ MC«&tt£it5 ± 5fc. pti44a^n 
«ffi4 5 b F46a H±5M^5o 

= h4 6S:*63BIS*fc|B*-ett. LED - AO 
niny^ htt, Hi 2»d^i-i5fc, Slt*l4 7 
Ciotrt»3*^ h4 6 a tdHShSo 011 70 

^VW^BCOnS^;/^ h tOM^rta*^^ M*. 
T=V<^^^^^^-***Offi(C®^S:^tXs LED — AO n 

fc«fiK*ttS« r^f, #«5gtt, ttA/^V^ (bum 
p) *fctt!7>r-1r#^KlcJ:o-C, t^V^F^tlj: 

[0 0 15] HI l *5 J: VEI 1 2tt, f^lsVlspT*'* 

[0 0 16] 15IJL E D7 W Sri(8ttttSI©±[:f 50 

j&1rz>z£h'*imxhz> 0 mi 3*5±tfl8i 4«\ ro 

o, 9 1*5*1*9 2 M:* r^6<Opa««SrlBfcj»£tp¥ 
~^»ttbfcn3!««9 3 J; o TSV 
5o p Si 2 4 <D±^«aS*ft p In ^ h 3 2 b 
ioJ:^nil2 2 0±}d*ta^-t-fc nS^y^ h 3 2 

ffiO L E D i f«U«^»ff - 1 5c 

[0 0 17] nffl****— OpffltBjEo— SBdSrlHIK 
«Etf J: 5 ft*— LED^ ("it*: Lfc £*-f 
5 1 1 IJJl*{t»i63K^W * nil-Nitride Light-Emit 
tingDevice with Increased Light Generating Gapabi I 
ity") j irJBSttfc, Krames &<DS5BJ§fc:ovvr 1 9 9 9 
¥12^220 ffilSO#FFffiM^ 09/469,657 
%-{z.ffl7jk£tiXb^Z> 0 Krames tOf^^H tH 1 4 
*t±5t, nl^y^ h 9 3(D±m¥-MUft9 6, 
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70 

lt> 11 1 4l;i^Lfc»*afc5BB^ (symmetrical para 
I lei junction) xfc, *SE«o8Ett*5 J:VitJP Ufc 

±IT?0 r?r£S8£?) (dead end) j «r(fc*-r*£>T, 
nffla:^* h9 30fc6iJ)a»^*«3»*#fcjB:3&« 

[0018] H i 5 ± 5 IC* E^]*fcteM?U^T 

-r * -cm:, r w tc*5 it 5 *— led *s jgj* $ ti % mm, 

t§ 0 7 U 5/7f y^W^OSll^f 3fe* = -7-< 

y^i:#4t6io»\ vm-t-zzkizxQxmm 

m^frhtiZ, LoweryOlPJl^ov^ r**^*— 
K_h^^-r>-^/^7t#:g ("Stenciling Phosphor Lay 
ers on Light Emitting Diodes") j ^11X2 0 0 0 

¥10^13 pictua^tb^wttttiaiiKo 9/6 s s, 
n-f^ymwciia^ LEDrwits 

fflSUt^JJf RTI6fc (addressable) ffi^J L E D 
A/«LED7l/^l:olf>t, feilWUEDTK 

[0 0 19] *3BWO#*Hl(6»lliSrlftWUT#fcdS, 
[H9i<Dffi¥ftK9n 

[mi a] jfcffi»fc«afcwaE#LEDT u->r 

[BIB] JftIK«#tt^ L E D 7 W t*tB 
[B2] 3fc?ULEDT Wf <£>|I|g&ll 

[H 3 ] #«f^»t*it «*»«^a^sb:ml e d 

[El 4] #KfWR»K*5*t5*3BW^*^5E?||LED 
[B5] #«fW«»^^«*»WK36^«Bt5l|LED 
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(7) 



12002-359402 



[B6 

m? 

[B7 

[08 

[0 8 
[IH9 
[B9 
[Hi 
[0 1 
¥®H 
[Hi 



77 

] #«fpa»KteJt5*3BW»c:*^5ii:50LED 

A] HI^JLEDT W<£>— *16JKIlB*'*"t"BI 

B] BC5BLEDT W<&EW&H 

A] ttJIJ/JfeWL ED7 

B] «:5U/afe«lLEDr W0>EM»B 

o] i«a<oiaM5ULEDa>inaBl 



70 



72 



2] El 1 1 M^bfc* 



[121 3] t?ijLED7K«I^ti 

[Hi 4] Hi 3{c*bfc#3tt^5piB«r*'fH 

[Hi 5] «9JLEDOloSr**#:3js«5*y Visy 

t LEDTK^tl 
[fffORBl 

20 mm 

2 2 nSB 
2 3 SttJl 

2 4 pSi 

3 o mm&um 

3 2 = y& $ h 
3 4 rtffi^^^ h 
30 1 ^tVSAW 



[Hi A] 



[HI B] 



i r 



75 



pgzi>$2b / 



[12] 



[H3] 



i 



[B4] 



[15] 



-24 P mm 



JO 

k 



[16] 



JO 



f 7. 



-24 P mm 
~2o &m 



JO 32 



[H7 A] 
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(8) 
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32 



[H7B] 



J* 



50 



J? 



zx 



^22 
~~20 




[0 8 B ] 



[09 A] 



v A 



V A 




[El 9 B ] 




v 



V V 



[El i o] 
I 



V 



A 



[115] 



p ^ 


.24 


P r 










,22 
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(9) 
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[Hill 



[Hi 2] 



4S 46a 43 4Sb 



40 



44q" 



) 1 if 1 ) 1L ^r 

41 a 45o 42a 46b 42b 4tb 



SEE 
HC, 12 



^44b 



,48 



44a 



4fa^ 
49a — 

42a „ 



V 



r 



43 



^.44b 
41b 



■ 49b 



A2b 



-20 



[013] 



[Si 4] 





94131 i^V 7 9 V?ti/> 
#301 470 

95014 ^ — s<Tj — J vytttvY 
Yy^tf 10430- fcf- 



F^-jU(##) 4M104 AA04 BB02 8B04 BB05 BB06 

BB08 BB09 CC01 DD15 DD16 

DD17 DD18 GG04 

5F033 G602 HH08 HH09 HH11 HH13 

HH14 GG09 QQ37 RR03 RR04 

RR06 RR08 WOO 

5F041 AA12 AA21 AA42 CA04 CA05 

CA12 GA34 CA40 CA46 GA49 

CA65 CA66 CA71 CA74 GA75 

CA93 CB11 CB25 CB36 EE25 
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